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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a silicon single crystal and a silicon wafer with 
extremely low defect density throughout the crystal by CZ process while maintaining their 
high productivity, along with improving the in-plane oxygen concentration distribution of the 
wafer. 

SOLUTION: This method for producing a silicon single crystal by Czochralski(CZ) process 
comprises pulling up a silicon single crystal being in growth so that the contour of the solid- 
liquid interface in the crystal comes within ±5 mm relative to the average of the solid-liquid 
interface except the periphery 5 mm; wherein for the value of temperature gradient G 
(temperature change/ axial crystal length) [ C/cm] in the proximity of the above interface 
from 1,420° C to 1,350° C or from the melting point of silicon to 1,400° C, in-oven 
temperature is controlled so that AG comes within 5° C/cm { AG=(Ge-Gc); Gc is the 
temperature gradient in the central portion of the crystal [° C/cm]; Ge is the temperature 
gradient in the peripheral portion of the crystal [° C/cm]}. 
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D-^LSTD. COP. L-SEPD5f©yn->Y> 
^*«ga>r^>«:t>*)©-c*»). fiift-cw^i/'^v 
^x-^i-r*c4A«r3r*. 

[0034] Lfrb. 6{CielSLfcJ:^«C. * 
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*. cc-c. »s^s©si^«©*^©tt;m*8*© 

[ 0 0 3 5 ] &.T. *mtC-o*PffliCl!iWrZifi. * 

1) FPD(Flow Pattern Defec 
t) £«. fiSS«©i"J3>*ISS»*6'5x-^*ej 

^LTIK "3 K, Cr, O, £#a<t*©a£ 

3tr^E«i?f->^ (SeccoUfVf) 

&8£FPD£ifcU 3:*->"ffirt©FPD&g#Si!K,> 
St-iMfcK8E©^a*tiAa (fci3¥4 - 1 9 2 3 4 
5*I&«#1I) . 

[0036] 2) SEPD (Secco Etch P 
it Defect) 4(2, FPDiS— ©Secco 
x ^ *>**S60fcfcWC. i&ft&fil (flow pat 
tern) 4#5 6©*FPD£P¥tf. i£ft«Ji*#fo 
^l>fe©*SEPDi^. C©*ri 0 »m«iOA 
tl> S E P DttKffi*-?* f -KjaH-TS hh. 

f'uztcm.t * com.* 
ilo-caiifctf'J-^u p-Ni?-f>i">3>4i/r© 

[00373 3) L STD (Laser Scatt 
ering T om o g r a p h y D e f e c t ) t 

■OR ^x-^^BB-TS. C©S?P3ffi<fc9 

i-ox-MrtKStt-rs^igKjrsiisaafeiDwar* 

(J. J. A. P. Vol. 32. P3 679. 1 9 
9 3£JB) . tit. gfi©5f5£-Ctt. AfflfW»K<f F 

[0038] 4) COP (Cr y s t a 1 Origi 
nated Part icle) ilt ^i-a©^, 
8K)BWlJBHE*«fbS1r*j|lH4ft*^B-e. Sec 
cox»*r«FPDKft5fc«*». T>*xraSft 
(NH. OH : H, O, : H, 0= 1 : 1 - 

2 : s-ioMSi&icjizmm vitmixy^mtu 
rcet. copjc&s. c©b*» h©aa«i ymtiT 

[0 03 9] ##£9ig6tt. CZmc*&UV*>SH& 



*ffltci32Lfc£C*>. C©8JKS2©1I< F 
PD. L STD. C0PQttft<9L<4>&<. *#&S 
EPDfcl?«El/«:l,>x a -h7A,ft«iS«s*5c4*» 

[0040] -ec-c. c©-a-h7*ftg«*-)i- 
±if ) as4iaa«jE©Hff©>t>-c. ^©^x-me 

4#raar. c©gs«6-j-c£#ta**«» ^x-^ 

[0 04 1 3 L-*>*>. C©i:^l«i-;*t|i^ 

irarewtrs ^x-^ffirtK^sa 
[ o o 4 2 1 c cr. a*©fl±tf35rB©J*£«:tetf 

20 tta»S0Oa«TOGe£®»>BEt/ft:&C*. 
(Ge-Gc) -C'Pii<ti>l 5*C/cm*!), «f*C. 
aK^G©f8#ffi**# (Ge-G 
c) ^{Cti4 0-C/cmfeM*s*.5Ci*iil 

[ 0 0 4 3 3 CO J: 5 tcttW&*£Ni3S#£ ©SS 
43E{cH*i*S4. 05©«fc5(cH?SW® (*SJD£fi# 
S) 4©^tW¥«4«*6-r. ±G!lCqaj&tt£fc.S. 
■et-T. ±E© «fc 5 «Cfig«]E©MAG*i 1 5'C/cm 
**a©H«#®*Ji25mm«rl^l»rHa[ 
30 Wm<D¥-t$lt6lcZil±5mm£&Z.ZJ:'!>lc%Z. Otc 

jr##i& * c i ccjga-r 5BSg«*wrs c i«c* o . 
S^g^-c©8^ig@[©^tt{cfieofc^*»oc 

[0044] -ec-c. aa«jEG©^*«6,^a*. 

FEMAG£l*tf*S*g^&JI?flTV:7 I- 
(F. Dupret. P. Nicodeme. Y. Ry 
ckmans. P. Wouters, and M. J. 
40 Crochet. Int. J. Heat Mass T 
ransfer.33. 1849 (1990)) £<£ffi 

~m.t$XS>h 1 4 2 0 - 1 3 5 0 -CttcitU >) 3>©» 

1 4 0 0 ^©affl^wattrsaL-. *fc@f£# 
Si56ltCttSBSA>6©fai*«l*aS^-C.5«fc^{CC. - 

*Wr>tc. 

[00453 atmtcit. -> V 3 >j§S8B«©vSSitJ:K: 
50 U ->'j3>#fefi*ffi»t/!taaiffflll)r«ltt©T»i 




(7) 



AG= (Ge-Gc) #5*C/c m«T£&3i»4Ht# 

[0046] iot. i";3>miss<Dgi±tf^tt«:*j 
nr. ijg©<i:5&sgsjE. *sg*©sffi 

JlffififS© 1 4 2 0*C (S"j3>©Su5) frh 1 3 5 0 
•C©fS<Dia35JE* fcttS> n >©SL£> h 1 4 0 0 *C 10 

©ia©&&£jEG (iaaa{fc«/isa«ttrisiss) cc 

/cm] ©ff£. *SJ14M>g|S#©S£SJEG c [*C/c 
m] £*SJiJia35»©S&5JEG e fC/cm] £©£ 
AG= (Ge-Gc) ?SLfcB$. AG#5*C/cm« 
rt£ft*£5«cj^i^4HZ«cJ:»)S£&-f*i{;r. V'J 

??<mt i 9?^«©ra«:??^sN«is©iiss© 

h9*tc&9. s5^m*£A£J16li&<&ofc <H 
4#fi?D . 

[OO4 7]04©±gWcm6*l*<fcSK:AG£5'C/ 20 

cmOHZtcfcorfc. ^giia^^a^^iv; 9 
T®mm&ttz*). iIi§i3f.5£T5BKIti=>*iSJ:5{c 
I ';9^iS©teSK:>3:-5-CL*l\ a^^gjSS* 
jaRf-SCit?. U4©^4'«:me.n5J:'5«:±ffiN 

[0048] C<D®mmi<DM®£&8>®.®<Dm&*:<k 
DUttflWcgMBf St. B7CC*l,ft:J:9<C. g£*©C 
Zm-Ca. W*.U. G c = 3 0 'C/c m. G e = 5 0 *C 
/cm£-f*£. AG = Ge-Gc = 20*C/cm©H 

zr*>). mi*a7©A©ea'cjt@w^^s2a 30 

■CWfiifrii. C©tttC®iSIiSSB. i9(a)K 

a. ***snKB©£<,>vgiis5 t *«© 
>N8#tt c n 6©*iS|g|J«:R58tt«:??i5rf * «ca 

[0049] tfttctti/t. *^©*Sr« t fl* 

tf. 07©B©ftaK:|t6ftSJ:5{C. Gc = 3 5*C/ 
cm. Ge =4 O'C/cmiT^i. AG = G e - G c 

= 5 -c/ c m© h z r* 0 . fttmii xj&gagrWJdt 
urfeo. c©tf»r©tSiiMiii!tt. 139 (b) I/Ctfl 40 

[0050] LiPb. C<D\m-CitlS3AWm^O 

■c. ascc^i/fci^K:. c©aa*"E>D©fis*-cia 

g^E©MAG = Ge-Gc£5 , C/cm£J§8Lfc* 
£. ^ojaa^EG (GciGe) ©I6*rti£*t< L 

I 0 0 5 1 ] *fc. C©^^*rSffi^®J:0±gp{C(ig 

T^K5c^fcufcaJ5j©jas£jffi-ca*i. 1 30 0 50 
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"C*6 1 0 0 0 •C*-C©iaSt£©f£iiig;*#8 c mfetT 
£&*<£ 5 icMmz c<fc-ciSsrc*st £#flofc„ 
teStfi-C8 cmj:0 COmW&ifi&*fihtfiS£l&<Dte 

[ 0 0 5 2 ] 3 C©JUR«|_Bfaa©ffifr6* 
Si. R«Cjgg{fcLfcg?#«:*5W5 1 3 0 O'Ofc 1 0 

0 0 -c* voy&gm&mtzmBUfi 8 0 $hxf £ & * 

«fc 5 ec»®T4C £#£«-<?**. 8 0 5 

nmsict -yx *.iae^E©a»ffl«^s < s o . n m 
«r©teS4»5/c»{c»?i±ifag4ji< l*w*i« 

&6&<ftD. ££aj*#ffiTr*C£«:&S. 
[0053] -eur. C©<fc5KAG*5'C/cmJyrt 
£bT?IS±tfS£. H«#®J&tttt. S25mm*l$ 

«±2. 5mmeWi47t, N£i|S©*&fi*j£gl,-*> 
f< 4 * ££<>«C. «££K©ffll*tfH&*>«#;**i3C 

[0054] «±©J: 5«C. *H9j©-* - h 5 JbS« 
r©?|±tf*^£9i6*>KLr*fc#. cft6£g£#> 

■C*S4. ^S*©@S#ffiia«© 1 4 2 0'C*6 1 3 
5 0'C©ra©SS^ESfctti";3>©SS.^>?> 1 4 0 
0'C©ra©ia&£JEG£?|±tfag£i3©t,-C. 

montetfw&z^*!^- <v) • >; ^^JSi-f 

i(S a lKD^ffi*^R5igS©(iO©a>«:^-*-l- 
-eur. cnecj:o-cs^jgS©iSrt^*>Si/<5S:# 

[0 05 5] ftte. AG*5-C/cmttrt<!:L. ilgSJ 
E©ffi»ffl^M(B4LfcJS^KteWi. ^ B ^©^BB* 

KAG*i 5 -C/ c m«rt £ * «fc ^ fC#^ae*iSar 
V-';r^S*«aS3fc6J:5{CL. *©«AG 
«• 5 *C/c m^rtSCiSMLfciJ: {C«SiSg€rfiT 

m%mic 1 - y ??*&g#-ca*j8g2gcc*-c 
[0056] c©i&£. -> y 3 >imicm%ztiim- z> 

?ai>7>lZ*-& (MCZ&) KiOAGiS'C/c 
mWrt«Cff*>o-D|S&£3ia_Bf££. ±aNM^E 

N^£^5?i±tfas©ea*^-7-c. si 

[0057] 

[!6^©S«t©JKS] ttT. **WO«»»aKoi» 

©c zft{cj:s#^i±Ra©»fi£W*a 1 Kiosft 
wrs. 0i{c^-r<fc^5c. c©*fes?i±gs3o 

U. ?l±tf^3 1 £. 3I±WS3 1 *{CSW6*ifc;U7 
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#3 24. JW;'#3 2©jgBKEB<*ftfcfc-*3 4 

4 . to? #3 2 * A ^#«^|3" 3 at^D 

@^a* (a^-r ) t. i/ y 3 ><oansa 5 

**^7rt> 7 4 ... *-r?S 7 %BeXttS*KS#iltt 

« OMHHR> ZQXrtoS&tyc^z. >^#3 2 
tt. *>wm (») 2 *«sfi«c« 

6ftrt,>5. * fc. fc- * 3 4 ©^J^KBJKJSS* 3 
[0058] *fc. SJBPJtDSS^KKbiBfi^ 

imH%8*M',! ^©±K±S®M^9*iEa 

3>^2<Dai4<D®K 3.'>-rc m©KIHl 0 *R»- 

0. f^*&4ri|M&g*^**fStt©&&iSS3 
[0059] JBOtC. m&VUM 1 2 JC H6ft£ J: 5«C?I 

±tfS'3i©**aiaKE»HWc. ^e**st^«jBm» 

3^3*fcfcSSB:E3 8*iM8L. ->';3>aS!2{C 
*T^**t^J^^^K»*EroiD-rie 4<c J: 
o-c. »«©*fis*«riwu #iss<D^£ji)cS*{a* 

5. l>to(9>«Meztt#fflt>6ix-SC 44.^1*. B£K 
Effl)0Sn5li«®7?|ij« v BtBCDESJC J: ? rffllltciE 

• 3;i m?mmmi!£? (tsattiux mtst&r: 
at*i$i<D»« («raeui) mmasti * c 4 k& o .-. n 

o© n A *4?|±W S 3 1 ©*¥!^©$1-{H-C*f IfiJEa 

5C4K&*. -eur. ^^fctet^rfe. ira©«fc5 

KC©MCZft*fflt»ti«. N 9 *8ffiI«Ba< 

[0 0 6 0 ] ±Sm l<D$£j|?l±gS3 OK J: 

2rt-ci^;n><DiS«^esii(^*ai^ (#n 42 0 

•C) «±{CjlB»l>rB»r5. ^CK. er-^;U7*#t 
IM-C4 K i§ »20^Eg$£^aj«a.5 ©5feS 

*s»XBaas#5. -e©£. ^^#^»3 3*a 

gCD^jJplJtSJS;* -t*544 fete. T-rtfrl ZE&Sli 

iii»hm*m&m&s *3\±tf* c 4 K<t .9 . **s 
nwt&&*B«j;*ft5. ?i±iiS4jag«:awccsj 
gs-rsc 4KJ: mmmzomMM 1 *&sc4# 

CO 0 6 1 ] C©if£. *SWC». *&9!©gW£ig 
l©gp#fc*38i?lia) {cjnL/tJr^K. ?|±tfS3 1© 

Sffi±©#«s i <ft^Bft«>fta£fl(c*t>T. a 
ffi&m>m§fi>®&& 1420 •c*e» 1 3 5 0 -c 



i>«^ y 3 >©B£>m 4 0 0 *c) *-c©a&8. t> 

bfesHzeB^dttm^ 

-kSSB*i«i»#9£ESLrt,>5. C©SSHffiBfi»tt 
88. *©Ta4£x>;n>g$te©?B®3 4©iaK:3~ 
5 c m©BMU 1 0 £Ktt?BB3tYO»*.: ±Smm 

K. C©lrJR»©±3{cek4?S#r 5«g.. 

lfC«S*»^CtS«>©4U. stfskiss^^s 
10 ^ffi0WWfc«B»4^ 5C 4 

c 0 0 e 2 j . c©* 5 K«ffi©a±©(aafc^©gffij 
s%^-r5Sa*iawft:«KS4-r5c4«:<fcor > s 

a^5©-c, «gsas©as«iEG e^sx & 0 . 

igS©ffl»3©ii><CUNMfii-CMS*?l±lf 5 C 4*JnJtB 

20 4&0A:. c©tea©^sa4or». tjseitt©^ 

^a3 6 4tt»(lK > |gS©^HS:ll^<-5®&^ > 

[0 06 3] ^liMttt. ai 2©«fc5K?|±V 
S3 l©n«{Cii53 84Ea-r5©A*»* : l/t>. C© 

i*^-. ^?n*««** ; wa*4L < win^ssi*© 




30 wm&^mt? *¥«Ji©^«tsa«*.5t» 
(i^xna^.toifaEH^. 2ooog*S8-c«. 

[0 0 6 4] -eur^^-cB. se*©«fc^Kisa«:gi 

£©3®£&$$?$ ! £^6&l>fcti>. ^t§S©^& 
*fiTS#5C 4«r < . o*DB©a#*B* C 4*-Ct 
5. l/frfc. a3S«a©Bl^W«>«#34l5l/. MC 

©«2#m*s. 

40 [00651B1.B12 ©*I6W©#^?I±JS4 
«:ot.>-CB,. *aW©?l±ga40O?.*$*«^ *«99 

©sk#ffiSr&#8. iaM^Hr^g-f^^ase 
[0066] jw±©j:^k. mm^mmbtcimtms 

m&m\±l-fli>tlitc#>. FPD. LSTD. CO 
P. L-SEPD^©^S^©g«)r^t,>4>©4-r 

sc4*i-c*-5. ttc. mm&oimzMcTiix. & 
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[006 7] C<D£'j}J:i/>)3>!mMJ)*t>imLtcis 
yn>9x-^tt. -&©±ffifciJt,»r. FPDa&S#l 
OOVcm' «TC**K *>-3?YX#l OumfiLh 
©SEPD£K#1 OVcm' «T"CAi^y3>-? 

y>y©»#4>&l>-5x-;v#fS6fl*. -T&foS. « 
gWffi#¥l§-C**fc«>. ^x-^ffip«)©^-tt*J: 

[0068] 

Hl«:^L,fc?|±Sg3 0-C. 2 0-T>* 

ase-r>*. i oo>©^U3>*»a« 

£¥$3LbSK*l. 0-0. 4mm/m i nJCgffcS 
*r9Lhtffc (3MSII&©iaifI£$ifo8 5cm). •> * 



* 3 >Kffi©SSfJ 1 4 2 0 -C. j§ffi*685ttK©@?8Wffl 

mmor^tva. Acmvzmtv. *©±jcio 

cmS3©^@?S#E»i&tt£EgU &E«>e>?lx 

n&&zv<Dn2z*y*m$nz^L-c 3 o c m 
[0069] fescsa^ffiiafs©^ n >©&£*» h 

l 4 00X©ffl©iaS4JEB. Ge = 45. 0 [*C/c 
m] . Gc=42. 0 [t/cm] . AG= (Ge-G 
c) =3. 0 [t/cm] «Cg£Lfc. CCrj§6*i 

citcfc^r. t";n>m«s©jgffi>5x-^«:f^«t 
fc„ C^fCr^tevynv^^^ffi^x-^JCO 
t. SlieFPD. L-SEPD*P8©815&HTofc. 31 

l-c. ^fi^-c©«axffi©^b©fiw-*aft:©*j. 

010 (a) 
[0070] 

[*1] 



(aa/ain) 


G=€e-Gc 
(TVcn) 


& ■« 


FPD 
C/aH ) 


L-SEPD 

(/CD* } 


0. 8 


3. 6 


■ V»J**** 


m\ ooo 




0. 55 


3. 6 


N « * 


£20 




0. 5 


3. 6 


I »Jy*«« 


S2 0 


£10 



(0 07 1 ] 2tl©&£a>P>fr*>*«fc5K. AG#5'C 
/cmWrtilt. fca^ffaKKDi^ft*.'*^© 

attK2*«tt<rfe. ?Lktfag*%fo&t:m«-e©its 
icsizswii'.m&zmLtc (h4*jb) . -e© 

gg. 0. 5 5 mm/mi n©?Ltlf ilgrcSLhtffclf 
£tc. ^fflx i -h7^i>';3>^x-/^iSf S 

ctw-ctitt. -eor. aio (a) 4cjae>ti*J:5 
«c. ^fiEssffi^tt4 3tt^s-c*o. ii^aa^ 
&©?**. fcfcu v-<) v?mm4o. i 
-y »?««4 i©ffltc*5N«nu3 2(omm\tmm 

^±^*C©NSlg53 9<!:LrfiSS3l*5«C 
OSFMisS4 2#jt6*i*. 



[0072] (ldtW2) 01 2KiftLfc$liJ* 

a-c. 3000 G^wtm^macfrnv-y^iakt 

^Si";3>*60Kg^*-^L. 

^r(4< 1 0 0 >©->.; a>i|i|S&«£¥^l±jI££ 

1. 0-0. 4mm/mi n{Cgfb3H*r?l±tffc„ •> 

n >MS®aau* 1 4 2 o -c. *§®*6atK©@«# 

tB»riStt©TS*-C«. 4cm©£iai£L. ^©JbCC 1 
0 c mia^©Sl^&#SD»r&#*Ea b . iff ffl*>6?l 
±5fS^*r©S3S*7*{H3tt*H»Lr 3 0 c 

[007 3] JSAOBiffffiBiEftQ!' <) n ><D&$.frh 
14 0 0 •COPBlcaSfiJffitJ. G e = 4 5 . 0 [ *C/ c 
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m] . Gc = 42. 0 fC/cm] . AG= (Ge-G 

c) =3. o fc/cm] {ca^ufc. cc-csen 
<t<Dm-zgjL<D#, a i o ( b ) r*s. 

[007 4] SI 0 (b) %^*4. ffiSCZgiHa 
& 0. 5 5~0. 5 8 mm/mi n tt£©3Lktf2& 
-C?LBffctf£K. ±ffix:x- (■5;l'fcV.Jrj>>}x- 

fi#IB&tt4 3 fe^«"C*0. I8KaS#fli6$-fcfc 
©£&£. 10 
[0075]-etT. 010 (a) ©iKsTCZSi** 
<!!&*©«. N^A^CcE**). 5l±CfSa©SI 

tO 07 6] C©<fc5fC. 18i§*E|lflU-rS£ISIiKPS© 
!6*-rSS^*J*b < ^S3l&©i¥iffltt^©± 

»$*EP»rr£C£fc.*Oi^©*f^$ 
5£ttSft5Ci*6. ^S<fffliaS43E*5^tl,. £3 20 

t>^©^PB©m»)ii**-e-©4>©^k-rs©<b. 
wffifi«i©^«p©as^ie*>as[*©jag^i5©^{k 

©USfcStt. ££{kLJ£Jl^©ftl>ffigffj£SK43 
[0077] (^0* 3 . OMm) yCK. @«f?ffij£tt 

fx-^s^^Rigatc^Ari^lgss-ii^-c* 
fc„ 01 2K^tfc?l±iSg-C. 2 0-O*53lrt,;/<Jf 
«CJl^ea^Vn>*6 0Kg9 1 +-^U. 3 00 0 
G©«J§£EPft]t,fc#*>. fiS8-f>*. #fi<100 

>©i";3>*gs«>%?i±Wc. ->>;3>aiBg©sia 30 

« 1 4 2 0 -C. Sffl*6Siltt©@ffilf®»ilftM©T®* 
■C«. 4cm©£fa!4U -e©±«Cl 0cmgi*©StK 
K£l?ffi»r&*t*EaU Sffi*>6SI±tfg*#$-C© 
iS3**-7#SI^*IS£J,r3 0cm{<:ig5£U ±g? 
H«&!9r3ft«£E<IL/i:. 

coo78] gn©@i$#ffiS8©-> >) 3 >©§&.£*> 6 

1 4 0 0 'CCISlWiaaSJEtt. Ge = 3 2. 8 ['C/c 
m] . Gc = 30. 5 VC/cm] . AG= (Ge-G 
c) =2. 1 PC/cm] KiSjtL-yt. nhtxtc^ 1 )^ 

>mm^mtsmoicLx. msmtcm 40 

SgES^iSi-coK^Saw^ft©^*^^©*. a 1 
1(b) (HJSPI3) . C©t§£. eS«©fflffi 

WS©^tttt. 8j25mm£[&l>r@SW®©¥l<jfitft 
*f L ± 2 mm«rt©±Ka^r{i,»:^¥«T*o 
fc. 

[0079] —~fi. mmnwsimis&vk : mtm%i 

00 0G©f8i§££PSBLOO. fi&8 Y>^©i"; 3> 
*ISa****«SSfc. COBS. £A©HiffHiffi&ftO 
iIg£JE«. Ge = 63. 5 fC/cm] . Gc = 3 50 
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0. 4 [*C/cm] . AG= (Ge-Gc) =33. 1 
CC/cm] Ccntlfc. ?i?.*ifc^'J3>^S»4 

mute or. «ta*-c>ap<teia»{cfcw*s»55iss-c 
©Kassaw^ftcs^^Mit©^ aii (a> 

* (tt«W> . C©«£. feS*©@?S9»®©^«ii. 
JiiS5mm*l&t>T@ffi?M©¥iSjffl{C*ft/± 1 0 mm 
©±«cdy&ttr*ofc. 

[0080JH1 l*JS5i. (a) VBMHttbK. 
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©/a^fl©£lft£Ji2&r©®3^g©S»£«> *) 
0~3 mm©titBM-ce*r<f: < -SL/C(,»3C tifit> 
C©i/'j3>^SBfiSg^lSjr©«6ottt* 
3fc©©. fiSS^l5l{cSfife^Tfi]©gBR?aS^*sffift 
-cfi»r. Cft^^XLT^x-^&Lfcig^-tCB 
ffirt-CB^iga©»1S*ig«f)rJ:t^©<!:^S. ch 

[ o o 8 2 ] ±&$zm&< l cm%.$ ti 

s*>©r«fc(,>„ ±SiSiBea8tt. 0d^t?*»). 

tsz fe©-c*or &*^©8ffiffJ«B(CS^i**i*,, 

[0083] m«. ±Eggw»ic*i*Ti2. ase 
iS2s?4©ias«jE©^*^s < t wmmmcm 
{cffi6n-5fc©-c»^<. mm. fiz^mmzwija 

[0084] 
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?it. it®mm<<> ; i\±im&x-£mz%!£&T$itz 

[affl©Sf*«r»W] 
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a-ca*. 

[B3] *#B©tss«ssa*. fc£4»B«w®ssB 
©as«jE«t?i±tf (fits) aaicoHfcKte^-c ae 
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a-ca*. 

ttssfc^fca i ©a^it^sft^a-c* 5. 

©sssjEisiic? (fits) a8£©sw&«cfci.>-c. se 
Jt® or a 3 0 mm*?- * ?™ud$m 
ar-a*. 

[B8] **W©lSJi«SSa*. &H#@?£J?iIi5® 

©sg*jE£?i±w (fits) m&tvm-cmz**) 

[39] *HW<DMSfitSSI&*. *SH4iB«l?®i5£ 
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(b) :$mm (uczm) . 
[am mmtozvmmQW&m&mst&km 

-ea*. 

(a) :ifcl8R 
10 (b) :H»tt3. 

(B 1 2 ] MC Zffitc J: S*«W©*t6S3l±«KO« 
BSSWBBraS. 

c«F^©a?i3 

l-OMUttk 2-->'J3>afflE. 3-j§ffi. 4 -■ 
SEW®. 5-S*fcS. 8-!/-F**»*. 7-*-- 

7*. s-mmzmmmt. 9 -±.%mmBimt. 10 
mat 3i-9i±raL 3 2~*?#. 33-^sK 

GSfctt. 3 4-t-3r. 3 5HKMt#. 3 6-fc*P» 
20 S. 3 7-ISfen. 3 8-KE. 3 9-Ngm, 40- 
V - >J -j 4 1-1 4 2-OSF 

4 3 •• t£SS?®J&tt. 
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